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The GAP The GAP …… ? ?

•• σσ((ψψ(3770) (3770) →→DD DD →→ hadrons) hadrons)
                                       = (6.39                                       = (6.39±±0.100.10+0.17+0.17

-0.08-0.08))nbnb
                                                                          (PRL 95, 121801 (20005))(PRL 95, 121801 (20005))

•• σσ((ψψ(3770) (3770) →→ hadrons) ~ (7.9  hadrons) ~ (7.9 ±± 0.6)  0.6) nbnb
                                                                  (J. (J. Rosner hepRosner hep-ph/0411196)-ph/0411196)

•• Are there significant non-DD decays of Are there significant non-DD decays of ψψ(3770) ?(3770) ?
–– S-D mixing (by how much?)S-D mixing (by how much?)
–– Could some missing modes of Could some missing modes of ψψ(2S) (e.g. (2S) (e.g. ρπρπ) show up in) show up in
ψψ(3770) decays?(3770) decays?
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OUTLINEOUTLINE

•• Observation of Observation of ψψ(3770) (3770) →→  γγ  χχc1c1
((281 281 pbpb-1-1, , hephep-ex/0509030, submitted to PRL-ex/0509030, submitted to PRL))

•• Observation of Observation of ψψ(3770) (3770) →→ X J/ X J/ψψ
((281 281 pbpb-1-1, , hephep-ex/0508023, submitted to PRL-ex/0508023, submitted to PRL))

•• Search for Search for ψψ(3770) (3770) →→  VP  VP
((281 281 pbpb-1-1, , hephep-ex/0509011, submitted to PRL-ex/0509011, submitted to PRL))

•• Search for Search for ψψ(3770) (3770) →→ multi-body multi-body
((55.8 55.8 pbpb-1-1, , hephep-ex/0509046, submitted to PRL-ex/0509046, submitted to PRL))

•• Search for Search for ψψ(3770) (3770) →→ K KSSKKLL
  ((281 281 pbpb-1-1) ) shown for the first timeshown for the first time

•• Measurement of Measurement of σσ((ψψ(3770) (3770) →→ hadrons) hadrons)
((281 281 pbpb-1-1) ) shown for the first timeshown for the first time
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•• For these low energy running,For these low energy running,
superconducting wigglers to CESRsuperconducting wigglers to CESR
needed to be added:needed to be added:
–– Additional damping to compensateAdditional damping to compensate

for lower synchrotron radiationfor lower synchrotron radiation

•• CLEO3 (CLEO3 (ϒϒ  running)  running)  ≈≈ CLEO-c CLEO-c ( (ψψ running) running)

CLEO-c Detector/CESR-c AcceleratorCLEO-c Detector/CESR-c Accelerator

CLEO-c

Mini Drift
Chamber
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Observation of Observation of ψψ(3770) (3770) →→  γγ  χχc1c1
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•• ee++ee−−  →→  ψψ  ′′′′  →→    γχγχcJcJ  ,,
χχcJcJ  →→  γγJ/J/ψψ,,
J/ J/ ψψ  →→  l+l-l+l-
–– Expected EExpected Eγγ::

•• χχ22 : 211   : 211  MeV   MeV   (1)(1)
•• χχ11  : 253  : 253  MeV   MeV   (2)(2)
•• χχ00  : 341  : 341  MeV   MeV   (3)(3)

–– J=0 state is difficultJ=0 state is difficult
to observe in two-to observe in two-
photon cascades duephoton cascades due
to its large to its large hadronichadronic
wdithwdith

ψ′′
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Observation of Observation of ψψ(3770) (3770) →→  γγ  χχc1c1

EEγγ of the lowest energy photon of the lowest energy photon

Signal:Signal:
ψψ(3770) (3770) →→  γχγχc1c1  →→  γγγγJ/J/ψψ
with the J/with the J/ψψ  →→ e e++ee-- ,  , ll++ll--

Event selectionEvent selection
2 photons  E2 photons  Eγγ   > 60  > 60 MeVMeV
2 leptons P > 1.4 2 leptons P > 1.4 GeVGeV/c/c
PPeventevent  < 50MeV/c< 50MeV/c
MMll ll within 40MeV of within 40MeV of J/J/ψψ
!!00 and  and ηη rejection rejection
Kinematic Kinematic fit the eventfit the event
and J/and J/ψψ
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Observation of Observation of ψψ(3770) (3770) →→  γγ  χχc1c1

We measured:We measured:
          σσ(e(e++ee--→ψ→ψ(3770)) x (3770)) x BB((ψψ(3770)(3770)→→  γχγχcJcJ))

                               =                                = (20.4(20.4±±3.73.7±±2.4) 2.4) pb pb for for χχc1c1

                               < 10.8                                < 10.8 pb pb (at 90% C.L.) for (at 90% C.L.) for χχc2c2

                               < 295                                < 295 pb pb (at 90% C.L.) for (at 90% C.L.) for χχc0c0

Also usingAlso using  the measured CLEO cross sectionthe measured CLEO cross section
σσ(e(e++ee- - →→  ψψ(3770) (3770) →→ DD) = (6.4 DD) = (6.4±±0.2) 0.2) nbnb::
                                        BB((ψψ(3770)(3770)→→  γχγχc1c1) = (3.2) = (3.2±±0.60.6±±0.4) x 100.4) x 10-3-3

                                        BB((ψψ(3770)(3770)→→  γχγχc2c2) < 1.7 x 10) < 1.7 x 10-3-3 (90% C.L.) (90% C.L.)

                    B                    B((ψψ(3770)(3770)→→  γχγχc0c0) < 46 x 10) < 46 x 10-3-3 (90% C.L.) (90% C.L.)



PANIC05@Santa Fe  OCT/2005Hajime Muramatsu, U of Rochester 8

Observation of Observation of ψψ(3770) (3770) →→  γγ  χχc1c1

403403
213213

254254
225225

523523±±1212

< 1100< 1100

J = 0J = 0

125125

7777
4.94.9

3.33.3

Barnes-Godfrey-Swanson (Barnes-Godfrey-Swanson (hephep-ph/0505002)-ph/0505002)

non-relativistic potentialnon-relativistic potential

relativistic potentialrelativistic potential

183183

5959
3.23.2

3.93.9
EichtenEichten-Lane--Lane-Quigg Quigg nanaïïve (PRD69, 094019 (2004))ve (PRD69, 094019 (2004))

with coupled-channels correctionswith coupled-channels corrections

7373±±992424±±44Rosner Rosner ((hephep-ph/0411003)-ph/0411003)

7575±±1818<40<40CLEO dataCLEO data

J = 1J = 1J = 2J = 2

ΓΓ((ψψ(3770)(3770)→γχ→γχcJcJ))

in in keVkeV

Using the measured decay width of Using the measured decay width of ψψ(3770) (PDG),(3770) (PDG),
we also extracted:we also extracted:
                                                                                              ΓΓ((ψψ(3770)(3770)→→  γχγχc1c1) = (75) = (75±±1414±±13) 13) keVkeV
                                                                                              ΓΓ((ψψ(3770)(3770)→→  γχγχc2c2)) < 40 < 40 keV keV (90% C.L.)(90% C.L.)

                                                                                                                                        ΓΓ((ψψ(3770)(3770)→→  γχγχc0c0)) < 1.1 < 1.1 MeV MeV (90% C.L.)(90% C.L.)

Using our measured rate for Using our measured rate for ππ++ππ--J/J/ψψ we obtain we obtain

  ΓΓ((ψψ(3770)(3770)→→  γχγχc1c1)/)/ΓΓ((ψψ(3770)(3770)→π→π++ππ--J/J/ψψ) = 1.56) = 1.56±±0.340.34±±0.250.25
W/ M(1W/ M(133DD22)=3872MeV/c)=3872MeV/c22,, predicted to be:predicted to be:
                        ΓΓ((ψψ((1133DD22))→→  γχγχc2c2)/)/ΓΓ((ψψ((1133DD22))→π→π++ππ--J/J/ψψ) =) =  ~2.5-3~2.5-3××1.561.56
BELL: BELL: ΓΓ(X(3872)(X(3872)→→  γχγχc1c1)/)/ΓΓ(X(3872)(X(3872)→π→π++ππ--J/J/ψψ) < 0.9 (90% C.L.)) < 0.9 (90% C.L.)
                                                                                ““X(3872) is 1X(3872) is 133DD22”” strongly disfavored strongly disfavored..



PANIC05@Santa Fe  OCT/2005Hajime Muramatsu, U of Rochester 9

Observation of Observation of ψψ(3770) (3770) →→  ππ  ππ J/ J/ψψ

Red Red ψψ(3770) direct decay:   (3770) direct decay:   Blue is Blue is radiative radiative return to the return to the ψψ(2S)(2S)

Missing event momentum for Missing event momentum for !!!!J/J/ψψ



PANIC05@Santa Fe  OCT/2005Hajime Muramatsu, U of Rochester 10

Observation of Observation of ψψ(3770) (3770) →→  ππ  ππ J/ J/ψψ

BB((ψψ(3770)(3770)→π→π++ππ--J/J/ψψ) = (204) = (204±±2424±±2121) x 10) x 10-5-5  
BB((ψψ(3770)(3770)→π→π00ππ00J/J/ψψ) = (92) = (92±±3434±±19) x 1019) x 10-5-5

Add them all Add them all →→  σσ((ψψ(3770)(3770)→→XJ/XJ/ψψ) < 35pb) < 35pb
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Search for Search for ψψ(3770) (3770) →→  VP, multi-body  VP, multi-body

•• VP=(VP=(ρρ or  or ωω or  or φφ)+()+(ππ or  or ηη or  or η′η′), K), K*0*0KK00, K, K*+*+KK--,,
bb00

11ππ00, b, b++
11ππ--, also , also ππ++ππ--ππ00..

•• multi-body = combinations of multi-body = combinations of ππ, K, p, , K, p, ηη, , ωω, , φφ..

•• Energy conservation: 0.98<Energy conservation: 0.98<EEvisvis//EEcmcm<1.02<1.02

•• Momentum conservation: |Momentum conservation: |pptotaltotal|/|/EEcmcm<0.02<0.02
•• Compare yields from Compare yields from ψψ(3770) data with the ones(3770) data with the ones

from scaled continuum (fully reconstructedfrom scaled continuum (fully reconstructed
events).events).



PANIC05@Santa Fe  OCT/2005Hajime Muramatsu, U of Rochester 12

Search for Search for ψψ(3770) (3770) →→  VP  VP
•• For each channel, on-For each channel, on-ψψ(3770) yields are consistent with(3770) yields are consistent with

continuum prediction except:continuum prediction except:
•• BR(BR(ψψ(3770)(3770)→φη→φη)=(3.1)=(3.1±± 0.6  0.6 ±± 0.3  0.3 ±± 0.1) 0.1)××1010-4-4..

•• ψψ(3770) (3770) →→  ππ++ππ--ππ00, , ρρ00ππ00 and K and K*+*+KK-- are suppressed. are suppressed.

•• Form factors, Form factors, F(s)F(s) , of  , of ωπωπ00, , ρηρη and  and ρη′ρη′
(continuum: (continuum: σσ(e(e++ee--  →→  γγ* * →→ VP) VP)∝∝|F(s)|F(s)||22) are also obtained:) are also obtained:

•• Add all U.L.Add all U.L.’’s s →→ no more than 40  no more than 40 pbpb..
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Search for Search for ψψ(3770) (3770) →→  multi-body  multi-body

•• multi-body = combinations of multi-body = combinations of ππ, K, p, , K, p, ηη, , ωω, , φφ..

•• Considered 25 different final states, with andConsidered 25 different final states, with and
without strangeness and/or baryons (see the next).without strangeness and/or baryons (see the next).

•• Subtract background with scaled continuum data.Subtract background with scaled continuum data.
•• Add all U.L.Add all U.L.’’s s →→ no more than 200  no more than 200 pbpb..
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Search for Search for ψψ(3770) (3770) →→  multi-body  multi-body
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Search for Search for ψψ(3770) (3770) →→ K KSSKKLL

•• Motivated by the observation of Motivated by the observation of ψψ(2S)(2S)→→  KKSS K KL L (see (see GuangshunGuangshun
HuangHuang’’s talk)s talk)

•• Wang ,Yuan ,MoWang ,Yuan ,Mo   [hep-ph/0410300,hep-ph/0402227] (S-D mixing)(S-D mixing)
predict;predict;
(0.12(0.12±±0.7)0.7)××1010-5 -5 < < BB((ψψ(3770) (3770) →→ K KSSKKLL) < ) < (3.8(3.8±±1.1)1.1)××1010-5-5

 Scaled energy of KS ≡ Xbeam= EKs
 / Eb

Signal region :   0.98 < Xbeam <1.02

 Set an upper limit @ 90% C.L.
 σσ((ψψ””→→ K KSS K KLL)) < 0.07  < 0.07 pbpb

B(B(ψψ(3770) (3770) →→  KKSSKKLL) < 1.09) < 1.09××1010-5-5

< 21< 21××1010-5-5  : BES (PRD70, 077101 (2004)): BES (PRD70, 077101 (2004))

•• Reconstruct a Reconstruct a KKSS→→!!++!!--candidate in thecandidate in the
event,event,

••  Ask for  Ask for nothing othernothing other than a possible  than a possible KKLL
signature on the other side.signature on the other side.

••  Require events with exactly 2 tracks with Require events with exactly 2 tracks with
displaced vertex.displaced vertex.

Prelim
inary

Prelim
inary
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Measurement of Measurement of σσ((ψψ(3770) (3770) →→ hadrons) hadrons)
•• Count number of hadronsCount number of hadrons,,  NNhadhad,, in data taken at  in data taken at EEcmcm=3.77GeV (281 =3.77GeV (281 pbpb-1-1).).

Main selection criteria are:Main selection criteria are:
–– # of tracks# of tracks, , NNch ch ≥≥ 3 3
–– total (visible) energy, total (visible) energy, EEvis vis ≥≥ 0.3 0.3××EEcmcm

•• Use continuum data taken at Use continuum data taken at EEcmcm=3.61GeV (21 =3.61GeV (21 pbpb-1-1) to subtract backgrounds.) to subtract backgrounds.
Radiative Radiative returns to returns to ψψ(2S) and to J/(2S) and to J/ψψ are also subtracted. are also subtracted.

 DD MCDD MC

 Scaled Continuum DataScaled Continuum Data

 Mostly Mostly RadRad. Returns to . Returns to ψψ(2S), J/(2S), J/ψψ

 Solid Lines = Solid Lines = ψψ(3770) Data(3770) Data
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Measurement of Measurement of σσ((ψψ(3770) (3770) →→ hadrons) hadrons)

•• σσ((ψψ(3770) (3770) →→ hadrons) = [6.5  hadrons) = [6.5 ±± 0.1 0.1+0.4+0.4
-0.3-0.3)] )] nb nb atat

EEcmcm=3.773GeV=3.773GeV..
•• With the reported With the reported σσ((ψψ(3770) (3770) →→ DD  DD →→ hadrons), hadrons),

the the difference between the two < 0.8 difference between the two < 0.8 nb nb @ 90% C.L.@ 90% C.L.

Prelim
inary

Prelim
inary

•• σσ((ψψ(3770) (3770) →→ hadrons) =  hadrons) = NNhadhad/(/(εεψψ(3770)(3770)⋅⋅££ψψ(3770)(3770)))
where where εεψψ(3770)(3770)=(=(εεDDDD⋅σ⋅σDDDD+ + εεnon-DDnon-DD⋅σ⋅σnon-DDnon-DD)/()/(σσDDDD++σσnon-DDnon-DD).).

•• Since Since σσψψ(3770)(3770)= = σσDDDD++σσnon-DDnon-DD, we have;, we have;

–– Assumed Assumed εεnon-DDnon-DD=(=(σσDDDD++σσψψ(2S)(2S))/2.)/2.

–– Used Used σσDD DD = 6.39 = 6.39 nbnb..

σσψψ(3770)(3770)= = σσDDDD+(+(NNhadhad//££ψψ(3770)(3770)- - εεDDDD⋅σ⋅σDDDD)/)/εεnon-DDnon-DD..
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SummarySummary

•• First observation of First observation of ψψ(3770) (3770) →→  γγ  χχc1c1
–– Observed rates are consistent with theoretical predictions.Observed rates are consistent with theoretical predictions.
–– σσ(e(e++ee--→ψ→ψ(3770)) (3770)) ××  BB((ψψ(3770)(3770)→→  γχγχcJcJ) = ) = (20.4(20.4±±3.73.7±±2.4) 2.4) pb pb for for χχc1c1

                                                                < 10.8                                                                 < 10.8 pb pb (at 90% C.L.) for (at 90% C.L.) for χχc2c2

                                                                                                                                                                                                < 295 < 295 pb pb (at 90% C.L.) for (at 90% C.L.) for χχc0c0

•• Observation of Observation of ψψ(3770) (3770) →→ X J/ X J/ψψ
–– Statistically significant signals are observed (13Statistically significant signals are observed (13σσ for  for ππ++ππ-- mode). mode).

  BB((ψψ(3770)(3770)→π→π++ππ--J/J/ψψ) = (204) = (204±±2424±±21) x 1021) x 10-5-5

–– σσ((ψψ(3770)(3770)→→XJ/XJ/ψψ) < 35pb) < 35pb

•• No significant signals were found inNo significant signals were found in
ψψ(3770) (3770) →→  non DD final states (VP, multi-body, K  non DD final states (VP, multi-body, KSSKKLL))
–– σσ((ψψ(3770)(3770)→→VP, multi-body, KVP, multi-body, KSSKKLL) < 240pb) < 240pb

•• Measurement on Measurement on σσ((ψψ(3770) (3770) →→ hadrons) hadrons)
–– σσ((ψψ(3770) (3770) →→ hadrons) =  hadrons) = [6.5 [6.5 ±± 0.1 0.1+0.4+0.4

-0.3-0.3] ] nbnb  at at EEcmcm=3.773GeV=3.773GeV..
–– With the reported With the reported σσ((ψψ(3770) (3770) →→ DD  DD →→ hadrons), hadrons),

the the difference between the two < 0.8 difference between the two < 0.8 nb nb @ 90% C.L.@ 90% C.L.
                                                                                                          (or (or ΓΓtotaltotal((ψψ(3770))(3770))⋅⋅(0.8nb/6.5nb)=2.9MeV)(0.8nb/6.5nb)=2.9MeV)
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